In this paper, the measurements of energy loss and energy loss straggling for 1-10 keV 
Introduction
Thin carbon foils are very important for many instruments used for time-of flight mass spectrometry [1, 2] and energetic neutral atom imaging [3, 4] . In our previous proposed positron lifetime beam design [5] , the positron transiting the thin carbon foil hence generating secondary electrons is used to produce the start signal for the lifetime measurement (the stop signal coming from the eventual annihilation of the positron). However, the interaction between positrons and target atoms may have adverse effects such as energy loss and straggling that will significantly decrease the resolution of the system. Therefore, a study on the total stopping power of positrons defined as the mean energy loss per unit pathlength and energy straggling is of vital importance.
Positrons transiting a solid lose their energy mainly by nonradiative collision and radiative collision with atomic electrons [6] . Many workers have developed the theory of collision loss for electron and positron [7, 8] . While the positron stopping power at energies above 10 keV was well described theoretically by Berger and Seltzer [9] and the ICRU Report 37 [10] , Batra [11] had given the stopping power formula for positrons and electrons by a two-parameter approximation and the formula seems to be valid in the energy ranging from 1 keV to 500 keV.
This article aims to provide some useful data for better understanding the interaction between positrons and carbon foils and the possible relationship between positron beam parameters and foil thickness.
Experimental
The experimental setup was based on the slow positron beam facility at the University of Hong Kong [12] . Thin carbon foils with different thickness ranging from 1.0 to 5.0 μg/cm 2 were mounted on a 15mm tungsten mesh with a transmission rate of around 65% and placed perpendicular to the incidence. Double grids with transmission rate larger than 95% were placed behind the carbon foil for retarding positrons. A micro channel plate (MCP) for detection was placed after the retarding grids. The positrons impacting on the MCP were detected by using standard electronics.
Results and discussion
The positron transmission coefficient is defined to be the ratio of transmitted positrons over incident positron counts and was measured as a function of positron energy for different target thicknesses in Fig. 1 . It can be seen that, for all different carbon foils, the transmission is small at low incident positron energy. However, the curves rise quickly and saturate at energies above 6 keV. It can also be concluded from these curves that the positron transmission decreases for thicker carbon foil. The inner plot in Fig. 1 shows the simulation results of Monte Carlo simulation program CASINO [13] . CASINO was used to simulate the transmission for electrons. The transmission of electrons saturates to 100% above 6 keV. The saturation point is the same as our result although the saturation value is somewhat larger than our experimental result. The reason for this may be related to some contamination on the foil surface and the uncertainty about the foil thickness which are not taken into account in the simulation. Here it is simply assumed that the total stopping power is roughly equal to the energy loss E ∆ divided by the foil thickness t , i.e.
where B E is the energy of incident positrons and l E is the mean energy calculated from the positron energy distribution after the carbon foil. Eq. (1) is considered as a good approximation since the foils are sufficiently thin. The energy straggling E FWHM (defined as the full width at half maximum of the energy loss distribution) was also measured and presented in Fig. 6 . Here, the convolution of incident beam profile and the energy straggling due to the target has been taken into account. The upper panel in Fig. 6 shows that the E FWHM varies as a function of incident positron energy.
The lower panel shows the same data except being divided by the corrected foil thickness t'.
Our measurements show that the E FWHM varies as t', not t′ as found by Allegrini et al [14] .
Furthermore, E FWHM / t' follows a linear law in our result, i.e. 
Conclusion
The transmission coefficient for positrons passing through carbon foil has been measured.
The trend is found to be very similar to the result of CASINO. The discrepancy for the saturation value is most likely due to the contamination on the foil surface and the uncertainty about the foil thickness. The energy loss and stopping power were calculated from the transmitted positron energy distributions. The results presented in the paper were also compared with those of simulation and theory.
It was found that CASINO and ESTAR agreed with Batra's formula at incident energy larger than 2 keV. On adopting the Batra's form for the stopping power, the actual thicknesses were calculated after comparing the difference between measurements and the results of Batra's. It was finally shown that the ratio of the energy straggling to the corrected thickness seems to have a linear relation with the beam energy.
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